Experiments were conducted to compare rate of growth and levels of blood glucose, blood ketone bodies and liver glycogen in chicks fed "carbohydrate-free" diets in which non-protein energy was sup plied by soybean oil, coconut oil and their respective fatty acids, with and without added glucose. Results showed that chicks fed diets contain ing soybean oil grew faster, had similar levels of blood glucose and blood ketone bodies but lower levels of liver glycogen than chicks fed diets con taining coconut oil. The appetite and growth depressing property of coco nut oil was accentuated when glycerol was deleted from the diet by sub stituting coconut fatty acids for coconut oil; in contrast to soybean fatty acids, the appetite and growth depressing property of coconut fatty acids was not overcome by the addition of glucose. Blood levels of ketone bodies were higher in chicks fed coconut fatty acids than when soybean fatty acids were fed, but no differences were observed in levels of blood glucose or liver glycogen. These results indicate that when fed in triglycÃ©rideform, coconut oil and soybean oil did not differ in ketogenicity for the chick; however, when fed in unesterified form, coconut fatty acids were found to be more ketogenic than soybean fatty acids. Conclusions as to whether more carbohydrate precursors are formed in the oxidation of unsaturated fatty acids than in the oxidation of saturated fatty acids awaits further study.
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J. Nutr. 107: 2206-2112, 1977. INDEXING KEY WORDS fatty acid oxidation â€¢ ketogenesis â€¢ coconut fatty acids Previous investigations have shown that (7) . Looi and Renner (8) showed that the the chick can sustain normal growth on a increased requirement for vitamin Bi2 was high fat diet free of preformed carbohy-not a reflection of an increased need for drate i.e. "carbohydrate-free," if nutrient methionine. balance is maintained (1) (2) (3) (4) (5) . Looi and The other known function of vitamin B12 Renner (6) , studying the requirement of in animal tissues is its role as coenzyme in the chick for vitamin Bi2, observed that the the isomerization of methylmalonyl CoA, isoenergetic substitution of hydrogenated to succinyl CoA (9) formed in the metabolism of propionate, branched chain amino acids, uracil and thymine. Since Sinclair (10) has proposed a pathway for unsaturated fatty acid me tabolism, which involved propionyl CoA as an intermediate, the question arose as to whether production of propionyl CoA dur ing oxidation of unsaturated fatty acids contributed to the increased requirement for vitamin Bi2 observed by Looi and Renner (6) when chicks were fed high fat, carbohydrate-free diets. The existence of such a pathway for the metabolism of un saturated fatty acids has been used to ex plain the observations of some investiga tors that unsaturated fats are less ketogenic than saturated fats (11) (12) (13) (14) and the obser vation of others that unsaturated fatty acids are oxidized more rapidly than satu rated fatty acids (15) (16) (17) (18) . Since informa tion on the ketogenicity of various fats for the chick is lacking, the following studies were conducted to compare the keto genicity of a saturated fat, coconut fat and an unsaturated fat, soybean oil, when chicks were fed high fat, carbohydratefree diets.
MATERIALS AND METHODS
Two duplicate experiments were con ducted to compare the ketogenicity of coconut oil and soybean oil when these fats served as the sole source of non-pro tein energy in carbohydrate-free diets. In addition, in order to maximize differences, comparisons were made of the ketogenicity of these fats when fed in the absence of glycerol as coconut fatty acids and soybean fatty acids.
Diets in which non-protein energy was supplied by coconut oil, coconut fatty acids, coconut fatty acids plus glucose, soybean oil, soybean fatty acids and soy bean fatty acids plus glucose were formu lated by substituting the fats and fatty acids isoenergetically for glucose, in the high carbohydrate diet shown in table 1, assuming that the metabolizable energy content of glucose, coconut oil, coconut fatty acids, soybean oil and soybean fatty acids to be 3.64, 9.21, 7.83, 9.21, and 7.83 kcal/g, respectively. In the second experi ment, the metabolizable energy values of 9.1 and 8.4 kcal/kg were used for coconut oil and coconut fatty acids, respectively. These values were calculated using the determined absorbability values of 99% and 92%, respectively, (experiment 1) and assuming coconut oil to have a gross energy of 9.2 kcal/g. In the fatty acid diets supplemented with glucose, 0.105 g glu cose/g fatty acids, i.e. the amount of glu- cose that would be required if 100% of it were converted to glycerol for esterification of soybean fatty acids to triglycÃ©ride (2) and/or twice this amount were added. Ten parts cellulose, which the chicken is unable to digest (19) , was added to im prove the texture of the high fat diets in an amount to maintain their energetic density approximately equal to the high carbohydrate control diet. Coconut fatty acids and soybean fatty acids were pre pared by alkaline hydrolysis of coconut oil and soybean oil as described previously (2) . Each diet was fed to duplicate groups of 10 male crossbred (Dominant White X White Plymouth Rock) chicks for 21 days beginning at 8 days of age. During the first 7 days of life, the chicks were fed a purified carbohydrate-free diet containing soybean oil. They were then assigned to the experimental groups on the basis of body weight equalizing both mean body weight and weight distribution among the groups. The chicks were housed in electri cally heated, thermostatically controlled battery brooders with raised wire screen floors in a temperature-controlled labora tory. Feed and water were supplied ad libitum. Data on growth and feed con sumption were obtained weekly. At 29 days of age, blood samples were obtained from the jugular vein of five chicks in each group using 3.75 mg sodium oxalate/ml of blood to prevent coagulation and 0.5 mg sodium fluoride/ml of blood to inhibit glycolysis. Protein-free blood filtrates were prepared using barium hydroxide and zinc sulfate (20, 21) . The filtrates were frozen and stored at â€"29Â°until analyzed. Blood glucose levels were determined using the method of Folin and Malmros (22) . Blood ketone bodies were determined using a modification of the method of Bakker and White (23) . This modification consisted of heating the tubes in a glycerol bath at Downloaded from https://academic.oup.com/jn/article-abstract/107/12/2206/4768993 by guest on 31 January 2020 110 to 120Â°for 15 minutes and then heat ing in an autoclave at 103 kPa pressure (121* ) for 30 minutes after the addition of potassium dichromate.
Liver samples were taken from the remaining five chicks in each group im mediately after killing with sodium pentobarbital. These samples were frozen im mediately using dry ice, wrapped in alumi num foil and stored in plastic bags at â€"29Â°until analyzed. Liver glycogen was precipitated using the method of Good et al. (24) . The precipitate was washed with 65% ethanol as suggested by Fong et al. (25) . The glycogen was then dissolved in water and estimated using the method of Seifter et al. (26) .
Statistical analysis was conducted by analysis of variance and comparison among means by Duncan's multiple range test (27) .
RESULTS AND DISCUSSION
Summarized in table 2 are data showing average weight gains of chicks fed diets in which non-protein energy was supplied by glucose, soybean oil, coconut oil and their respective fatty acids with and without added glucose. Statistical analysis of the growth data showed that chicks fed diets in which non-protein energy was supplied by soybean oil grew at the same rate as chicks fed diets in which non-protein energy was supplied by glucose; however, when coconut oil served as the major source of non-protein energy, chicks grew significantly slower than did chicks fed soy bean oil. Previously, Menge (28) and Carew et al. (29) observed that chicks fed diets containing 12% and 20% coconut oil, grew significantly slower than chicks fed diets containing either safflower oil or corn oil, respectively.
Deletion of glycerol from the diet by substituting soybean fatty acids for soy bean oil depressed feed consumption and growth, significantly. The substitution of coconut fatty acids for coconut oil also depressed feed consumption and growth, but to a much greater extent than did soybean fatty acids. The addition of glu cose in the amount required for theoretical conversion of fatty acids to triglycÃ©rides (0.105 g/g fatty acids) alleviated the growth depression in chicks fed soybean oil but only partially alleviated the growth depression of chicks fed coconut fatty acids. In experiment 2, chicks were also fed diets containing 0.210 g glucose/g fatty acids. Results showed that the addi tion of 0.210 g glucose/g fatty acids was no more effective than 0.105 g glucose/g fatty acids in promoting growth of chicks fed coconut fatty acids. These results show that the carbohydrate requirement of chicks fed coconut fatty acids is no greater than 0.105 g glucose/g fatty acids when growth is used as the criterion. Whether the glu cose requirement of chicks fed cononut fatty acids is greater than the glucose re quirement of chicks fed soybean fatty acids, which has been determined to lie between 0.042 to 0.054 g glucose/g fatty acids (30) , is unknown.
That the isoenergetic substitution of soybean fatty acids for soybean oil de presses growth is now well established (2, 31) , however, the physiological mecha nism which is involved in depressing ap petite and thus growth is unknown. The effectiveness of glucose in overcoming the growth depression of chicks fed soybean fatty acids has also been demonstrated (2, 31) . Thus, the failure of glucose to overcome the growth depression in chicks fed coconut fatty acids was unexpected. Previous studies have shown that lauric and myristic acids, when fed singly at a level of 20% in the diet, depressed chick growth ( 32 ) . Calculations indicate that the coconut fatty acid diet contained 14% lauric acid and 6% myristic acid. Thus, the failure of glucose to overcome the growth depression when coconut fatty acids were fed may be due to the growth depressing properties of lauric and myristic acids in unesterified form. Since in these experi ments coconut oil and coconut fatty acids were found to be absorbed to 99% and 92%, respectively, the depressed growth of chicks fed coconut fatty acids cannot be attributed to low fat absorbability.
Levels of blood glucose in chicks fed diets in which non-protein energy was supplied by glucose, soybean oil, coconut oil and their respective fatty acids with and without added glucose are summarized in table 3. Statistical analysis of the data showed that the substitution of soybean oil or coconut oil for the glucose in a high carbohydrate diet had no effect on level of blood glucose. Deletion of glycerol from the diet by substituting soybean fatty acids or coconut fatty acids for their respective oils caused a significant and similar re duction in level of blood glucose. The ad dition of glucose to the fatty acid diets did not increase level of blood glucose sig nificantly (P > 0.05).
Previous studies with chicks have shown that normal blood glucose levels were maintained when chicks were fed carbo hydrate-free diets containing neutral fat (3, 31) . Variable effects on level of blood glucose have been observed when glycerol is deleted from the diet by substituting soybean fatty acids for soybean oil (3, 31, 33) . Results of the present study support the findings of Brambila and Hill (31) and Allred (33) in that levels of blood glucose were decreased when non-protein energy was supplied by fatty acids.
Results of determinations of blood ke tone bodies summarized in table 3 showed that the isoenergetic substitution of soy bean oil or coconut oil for glucose in the diet of chicks caused significant and similar increases in levels of ketone bodies; how ever, when the fatty acids derived from these oils were fed, coconut fatty acids were significantly more ketogenic than soybean fatty acids, although the difference disappeared by the addition of 0.105 g glucose/g fatty acids.
That the degree of saturation of dietary triglycÃ©rides does not affect their ketogenicity for the chicks is in contrast to re sults reported for the rat. Studies (12) (13) (14) have shown that rats fed such saturated fats as coconut oil, lard, beef tallow or butterfat had higher levels of blood ketone bodies than rats fed such unsaturated fats as safflower oil, linseed oil, sesame oil or groundnut oil. On the other hand, Ander son and Boggs (34) have recently reported that rats when fasted after being fed diets containing safflower oil for 61 days de veloped higher levels of ketone bodies Downloaded from https://academic.oup.com/jn/article-abstract/107/12/2206/4768993 by guest on 31 January 2020 than rats which had been fed lard prior to fasting. The reason for the variability in ketogenicity of triglycÃ©ridesin rats when fed and fasted is not apparent.
The finding that coconut fatty acids are more ketogenic than soybean fatty acids when serving as the sole source of nonprotein energy might be interpreted as suggesting that more carbohydrate pre cursors are produced in the oxidation of polyunsaturated fatty acids than in the oxidation of saturated fatty acids. Whether such an interpretation is correct awaits the establishment of the reason(s) for the growth depressing properties of coconut fatty acids. Previously Krebs and Hems (35) using perfused rat livers concluded that polyunsaturated fatty acids with an even number of carbon atoms were not glucogenic.
Comparison of levels of liver glycogen in chicks fed carbohydrate-free diets (table 3) showed that levels were higher in chicks fed diets in which non-protein energy was supplied by coconut oil than when non-protein energy was supplied by soybean oil. When non-protein energy was supplied by coconut or soybean fatty acids, levels of liver glycogen decreased and dif ferences disappeared; however, on the ad dition of 0.105 g glucose/g fatty acids levels of liver glycogen increased to levels similar to that of chicks fed diets contain ing the intact oils and differences re appeared. Previously, Tidwell et al. (13) observed that levels of liver glycogen were higher in rats fed coconut oil than in rats fed safflower oil, linseed oil or lard. They suggested that this unexpectedly high value for coconut oil might be explained as the result of carbohydrate sparing dur ing the more rapid oxidation of short chain fatty acids as evidenced by the much higher ketone levels in the blood.
Results of these experiments showed that coconut oil and soybean oil did not differ in ketogenicity for the chick. However, conclusions as to whether or not more car bohydrate precursors are produced in the oxidation of a saturated fat are not justi fied because (i) the medium chain tri glycÃ©ridesin coconut oil have been shown to resemble carbohydrates in some respects in both rats and humans (36) and in these experiments, chicks fed coconut oil de posited more glycogen than chicks fed diets containing soybean oil and (ii) although the mixture of fatty acids in coconut oil has been shown to be more ketogenic than the mixture of fatty acids in soybean oil, coconut fatty acids have been found to contain a growth depressing factor(s) when fed in unesterified form which is (are) not responsive to glucose. Thus, the choice of coconut oil as the saturated fat in these experiments was unfortunate.
